ABSTRACT Background: Current treatments for post-traumatic stress disorder (PTSD) are only partially effective. This study evaluated whether an extensively researched stress reduction method, the Transcendental Meditation (TM) technique, can reduce the PTSD symptoms of veterans. Previous research suggested that TM practice can decrease veterans' PTSD symptoms. Methods: A one-group pretest-posttest design was used to evaluate the impact of TM practice on reducing PTSD symptoms. A convenience sample of 89 veterans completed PTSD Checklist-Civilian (PCL-5) questionnaires. Among those, 46 scored above 33, the threshold for provisional diagnosis of PTSD, and were included in this evaluation. The PCL-5 measured PTSD symptoms at baseline and 30 and 90 d after intervention. Regularity of TM practice was recorded. Paired sample t-tests were used to assess within-group changes from baseline to post-intervention periods. Analysis of variance was used to compare full-dose (two 20-min TM sessions per day) and half-dose (one 20-min TM session per day) groups. Findings: After 1 mo of TM practice, all 46 veterans responded; their PCL-5 average decreased from 51.52 in the pre-intervention period to a post-intervention mean of 23.43, a decline of 28.09 points (−54.5%); standard deviation: 14.57; confidence interval: 23.76-32.41; and effect size: −1.93; p < 0.0001. The median PTSD scores declined from 52.5 to 22.5, a decrease of 30 points (−57%), while 40 veterans (87%) had clinically significant declines (>10 points) in PTSD symptoms, and 37 (80%) dropped below the clinical level (<33). At the 90 d posttest, 31 of the 46 responded and three more dropped below the 33 threshold. Intent-to-treat analyses revealed clinically and statistically significant effects. A dose-response effect suggested a causal relationship. The full-dose group exhibited larger mean declines in PTSD symptoms than the half-dose group. Averages of the 46 veterans' responses to 20 PCL-5 questions exhibited significant (p < 0.0001) declines from the pre-intervention period to the 30-d post-intervention assessment. Discussion: Results indicated that TM practice reduced PTSD symptoms without re-experiencing trauma. Because of the magnitude of these results and dose-response effect, regression to the mean, spontaneous remission of symptoms, and placebo effects are unlikely explanations for the results. Major limitations were absence of random assignment and lack of a control group. Participants chose to start and continue TM practice and to complete PCL-5 questionnaires. Those who self-selected to enter this study may not be representative of all veterans who have PTSD. Those who did not complete follow-up questionnaires at 90 d may or may not have had the same results as those who responded. The design and sampling method affect the generalizability of the results to wider populations. When taking into account these results and all previous research on the TM technique in reducing psychological and physiological stress, the convergence of evidence suggests that TM practice may offer a promising adjunct or alternative method for treating PTSD. Because of the widely recognized need to identify effective new approaches for treating PTSD, randomized research with control groups is warranted to further investigate the effectiveness of TM practice as a treatment for PTSD.
INTRODUCTION
The purpose of this study is to determine whether the practice of the Transcendental Meditation (TM) technique can reduce the post-traumatic stress disorder (PTSD) symptoms of veterans. PTSD can afflict persons who experience a traumatic event. Too often, military personnel in combat get PTSD. The Institute of Medicine reported that "In 2012, 13.5% of soldiers had a diagnosis of PTSD, as did 10% of Marines, 4.5% of Navy personnel, and 4% of Air Force personnel."
1 Symptoms can include repeated disturbing memories, depression, anxiety, negative emotions, hypervigilance, reminder avoidance, inability to concentrate, and persistent flashbacks and nightmares of traumatic events. PTSD is psychologically debilitating and can adversely impact all areas of veterans' lives, including their physical health and families.
1 PTSD is also a risk factor for suicide. 2, 3 High suicide rates are a major concern for both active duty personnel and veterans. Effective treatment for PTSD might help reduce suicide rates.
The U.S. government has tried to help veterans with PTSD. Yet, cures are elusive. One of the gold standard treatments, prolonged exposure therapy, requires the victims to re-experience their trauma, which many veterans are unwilling to undertake. The standard treatments for PTSD, such as prolonged exposure therapy, cognitive processing therapy, and medication, are only partially successful. 1, 4 A review of randomized clinical trials by Steenkamp et al found "approximately two-thirds of patients receiving cognitive processing therapy or prolonged exposure retained their PTSD diagnosis after treatment (range 60%−72%)."
In addition to the psychological and health impacts of PTSD, this disorder also causes high financial costs. The Congressional Budget Office reported that $20,200 is the average Department of Veterans Affairs' expense for treating a veteran for 4 yr who has PTSD without co-morbidities. As veterans with PTSD often have co-morbidities, the total costs of their treatment tends to be even higher. 4 For all these reasons, recent reports on PTSD have suggested that additional research is needed to identify more effective methods for treating this disorder. 1, 4 The TM technique was chosen for evaluation because previous research suggested that this procedure can decrease PTSD symptoms. A 3-mo randomized trial compared TM (n = 9) and psychotherapy (n = 9) in reducing the symptoms of post-Vietnam adjustment. The psychotherapy group experienced no improvement, whereas the TM group improved significantly on eight variables, including a 40% decline in PTSD symptoms. 6 A randomized, matched-control study evaluated the effects of TM practice on the post-traumatic stress symptoms of civilian refugees from the Second Congo War. All participants (n = 42) had high PTSD ChecklistCivilian (PCL-C) scores at baseline. Of the TM group, 90% reached the "non-symptomatic" level after 30 d of TM practice, while none of the wait list controls had a significant change in their scores. 7 PCL score reductions were sustained over the 135-d duration of the study. A follow-up study that included non-matched controls replicated the 30-d findings and found that 2/3 of the decline in PTSD symptoms occurred within the first 10 d for the TM participants. 7, 8 An uncontrolled pilot study published in Military Medicine assessing five veterans with recent combat-related PTSD found that after 12 wk of TM practice, all subjects improved on the Clinician Administered PTSD Scale (mean change score, 31.4; p = 0.02; df = 4). 9 A case study evaluation of three active duty soldiers with severe PTSD at Fort Gordon, GA, found that TM practice had a beneficial impact in reducing PTSD symptoms. 10 Barnes et al found a reduction in psychotropic medication use among active duty military soldiers with anxiety disorder and PTSD, which suggests their PTSD symptoms had decreased. 11 The previously published research on the direct impact of TM practice on veterans' PTSD symptoms consists of pilot studies. This study seeks to expand this area of research by evaluating a larger sample of veterans than earlier studies. The hypothesis is that TM practice will decrease the post-traumatic stress symptoms of veterans. The null hypothesis is that there will be no significant difference between the preand post-intervention post-traumatic stress symptoms.
METHODS
This study used a one-group pretest-posttest design. Participants served as their own controls. A convenience sample of 89 veterans was initially evaluated for possible inclusion in this study. A donation from Christopher H. Wege and the non-profit Wege Foundation enabled these veterans to take the TM course and lifetime follow-up at a reduced instructional fee. Centers across the United States that teach TM were informed of the availability of grant funds and encouraged to invite veterans, ideally those with PTSD, to learn TM. Local TM teachers approached various Veterans Service Organizations and VA clinics in order to recruit subjects. Participants were recruited at introductory TM lectures to various veterans' organizations throughout the United States. They volunteered to learn the TM technique and participate in the study. These volunteers had to fulfill three criteria for participating: (1) be a veteran or on active duty in the U.S. Armed Forces with mental health challenges, (2) agree to take each step of the TM instruction and follow-up program, and (3) agree to complete research questionnaires three times. Each veteran consented to these requirements and freely chose to participate in this project. No one was rejected due to race, ethnicity, gender, sexual orientation, or any other factor. This study was approved by the Institutional Review Board at Maharishi University of Management in Fairfield, Iowa.
The inclusion criterion for this evaluation was a PCL-5 score over 33, the threshold for provisional PTSD diagnosis. Of the 89 veterans who were initially assessed for possible inclusion in this study, 46 tested above the 33 threshold. The others who had PCL-5 scores below 33 were excluded because the purpose of this study is to assess the impact of the intervention only on those with a provisional diagnosis of PTSD. Among the 46 participants with PCL-5 scores over 33, there were seven females and 39 males. Their average age was 51 yr, with an age range from 28 to 77 yr. Five participants (two females and three males) were still on active duty and 41 were veterans. Six of the participants with PCL-5 scores greater than 33 served in Vietnam, two served in the Gulf War, one in Somalia, and the remaining 37 served in post- Sept 11, 2001 combat in Iraq and Afghanistan.
Efficacy Assessment
The efficacy of the treatment was measured by the PTSD Checklist for Diagnostic and Statistical Manual of Mental Disorders -Fifth Edition (PCL-5). The PCL-5 is a standard self-report measure of PTSD symptoms that includes the latest changes in Diagnostic and Statistical Manual of Mental Disorders -Fifth Edition (DSM-5) criteria. Several studies have documented the reliability of the PCL-5. 12 In assessing the psychometric properties of the PCL-5, Blevins et al found "Overall results indicate that the PCL-5 is a psychometrically sound measure of PTSD symptoms." 13 In a more recent evaluation, Wortmann et al found:
The results indicate that the PCL-5 is a psychometrically sound measure of DSM-5 PTSD symptoms that is useful for identifying provisional PTSD diagnostic status, quantifying PTSD symptom severity, and detecting clinical change over time in PTSD symptoms among service members seeking treatment.
The PCL-5 questionnaire contains a numerical scale (Likert: 0-4) for each of its 20 questions, which enabled a quantitative description and statistical analysis of the TM participants' PTSD symptoms. 15 The PCL-5 scores can range from 0 to 80. A decrease in PTSD scores of 10 or more points is considered clinically significant. A PCL-5 score over 33 is consistent with a provisional diagnosis of PTSD. 12 This instrument assessed selfreported PTSD symptoms at baseline before starting TM instruction and at approximately 30 and 90 d after intervention. The subjects were evaluated after 30 d of TM practice because previous research suggests that most of the reduction in PTSD symptoms occurs in 30 d or less. [7] [8] [9] The veterans were assessed again at 90 d to determine whether the initial declines were sustained. Post-intervention questionnaires also asked the participants to report their regularity of TM practice, which showed compliance with the intervention. To protect their privacy, an administrator assigned numbers to each participant to use on their PCL-5 questionnaires instead of names. All collected questionnaires were anonymous. All of the de-identified responses contained in these questionnaires were entered into a database.
Description of the TM Technique
Participants received the standard TM course and follow-up. The outline of this course is available at www.tm.org/learn-tm. No manual was utilized as the TM technique is always taught in a standardized manner. The TM technique is taught by highly trained certified instructors in the same systematic way worldwide as formulated by the late Maharishi Mahesh Yogi, the founder of the TM program. The TM technique is an extensively researched meditation that has been found to promote a wide range of mental and physical benefits, including large reductions in anxiety 16 and significant improvements in heart health. 17, 18 TM practice is safe 19 and does not require participants' to re-experience traumatic events or take drugs to reduce stress. By paraphrasing the tm.org website, the TM technique can be described as in the following paragraph.
The TM technique is a simple, natural, effortless, standardized procedure practiced for 20 min twice daily while sitting comfortably with eyes closed. TM practice enables the mind to settle down effortlessly and spontaneously to experience more refined, quiet states of the thinking process until one transcends thinking to experience the source of thought. As the mind settles down to quieter, more peaceful levels, the brain begins to function in a more relaxed, orderly, and coherent way. At the same time, the body gains a deep level of rest, allowing it to release accumulated stress, strain, and fatigue. TM practice involves no concentration, no focusing of the mind, and no "mindful" monitoring of thoughts. The TM program requires no belief or lifestyle change and can be easily learned and practiced by people of any age, level of education, race, occupation, religion, or ethnicity. The TM technique is unique in that its principles, practice, and impact on brain functioning are fundamentally different from those of other meditation and relaxation procedures. TM instruction was provided by TM for Veterans, a branch of the Maharishi Foundation USA © which is a 501(c) 3 non-profit educational organization.
Analysis
Paired sample t-tests were used to assess within-group changes in outcome measures from baseline to post-intervention. Analysis of variance was used to compare the full-dose group and the half-dose group at 30 d and 90 d after the intervention. These tests were performed with the Systat 12 and 13 statistical software. Systat is a comprehensive statistical analysis software that is used in many medical and scientific disciplines (see www.systat.com). The paired sample t-tests and analysis of variance were calculated at the 95% confidence level. The p-values for the paired t-tests included the Bonferroni adjustment for multiple tests of statistical significance. Means, medians, standard deviations (SD), confidence intervals (C.I.), effect sizes, and percentage changes were calculated. The data were normally distributed and not afflicted with undue skewness or kurtosis.
Two intent-to-treat (ITT) analyses were calculated for the entire group of participants (n = 46) to account for the missing data of the 15 participants who did not respond at 90 d. The most commonly used method, the Last Observation Carried A dose-response effect suggested a causal relationship. Despite instructions to practice TM twice per day, some veterans were irregular in practice and on average meditated only once per day. We labeled these the "half-dose" group. Although the full-dose and the half-dose groups both showed clinically and statistically significant declines in average PTSD symptoms, the full-dose group exhibited larger mean declines in PTSD symptoms than the half-dose group (Fig. 2 and Table I ). After 1 mo of TM practice, mean full-dose PTSD scores declined 30 points, whereas half-dose scores declined 20 points. As we see in Table I , there was no statistically significant difference between the two groups in the Pre-TM period. After 30 d of TM practice, the difference between the full-dose and half-dose groups' PTSD scores trended toward significance. After 90 d of TM practice, among the responders, there was a statistically significant difference between the full-dose and half-dose groups (p = 0.044). The ITT analysis that accounted for the 15 missing responses in the 90 d posttest showed a larger statistically significant difference between the full-dose and halfdose groups (p = 0.02). In these analyses of variance, the last column is an ITT analysis using the Last Observation Carried Forward method. This ITT analysis assumed the 15 missing cases at the 90 d posttest had the same regularity of TM practice they reported at the 30 d posttest.
Before and after intervention comparisons were made for the means of each of the 20 subscales in the PCL-5 questionnaire (see Table II ). All of the averages in the 20 subscales in Table II exhibited significant declines (p < 0.0001) from the pre-intervention period to the 30-d post-intervention period.
The TM technique appears to have had a uniform impact across all dimensions of PTSD as measured by the PCL-5 questionnaire, which suggests that a holistic psychological and physiological transformation may have been occurring in these participants.
DISCUSSION
The results indicated that TM practice reduced PTSD symptoms and supported the hypothesis; the null hypothesis was rejected. These results suggest that TM practice can reduce PTSD symptoms without re-experiencing trauma. Of veterans with pre-intervention scores >33 (the threshold for provisional PTSD diagnosis), 80% dropped below the clinical level (≤33) after 1 mo of TM practice, and improvement persisted at 90 d. At the 90 d posttest, three more veterans' PCL-5 scores dropped below the 33 threshold. Most of the symptoms decreased within 30 d of starting TM practice, but there are no data to suggest that those benefits would persist if the TM practice was discontinued. The possibilities of ongoing improvements in PTSD symptoms, of additional psychological 16 and physiological health benefits, 17, 18, 20 and of the cultivation of resilience to handle future traumatic events 21 support the recommendation to continue regular TM practice indefinitely.
Furthermore, the results suggest a dose-response effect. The full-dose group exhibited larger mean declines in PTSD symptoms than the half-dose group. Although a definitive verification of a causal relationship requires several randomized clinical trials, the discovery of a dose-response effect in this study strengthens the importance of the findings. A doseresponse effect is one of the well-accepted and classic criteria for establishing a causal relationship between two variables. [22] [23] [24] This dose-response finding supports a recommendation for clinicians to encourage their PTSD patients to practice the TM technique regularly twice a day for 20 min to achieve the maximum benefits in the shortest time.
Regarding alternative explanations for the results, regression to the mean could have been a confounder. However, regression to the mean or simultaneous spontaneous remission of symptoms seem to be unlikely explanations for the results in this study as the measurements were taken over a relatively short time frame, 30 d and 90 d after intervention. PTSD tends to be an intractable disorder with both psychological and neurological components that usually resist rapid improvement. Many veterans who fought in the Korean War and the war in Vietnam still suffer from PTSD symptoms even though decades have elapsed since their combat-related traumas were incurred. PTSD is so resistant to improvement that even the majority of veterans who have received the "gold standard" treatments for this disorder have retained their PTSD diagnosis. 5 Thus, over the comparatively short measurement period of this study, regression to the mean or spontaneous remission of symptoms seems to be unlikely explanations for the results. As no study is perfect, decisions about clinical application and policy should be based on the convergence of evidence from a variety of sources that arrive at the same conclusion. 25 The results of this study are similar to those of earlier studies that have evaluated the effects of the TM program on PTSD. [6] [7] [8] [9] [10] [11] In addition, more than 350 scientific studies published in over 160 peer-reviewed scientific journals have documented the benefits of TM practice for mind, body, and behavior. 20 When considering all of the research on the impact of the TM technique in reducing psychological and physiological stress, the convergence of evidence suggests that TM practice may offer a promising adjunct or alternative method for treating PTSD that may be more acceptable to many of those with PTSD than current approaches.
Study Limitations
This study's limitations affect the interpretation of results. The three major limitations were the absence of random assignment, the lack of a control group, and lack of blind data collection. Participants chose to start and continue TM practice and to complete PCL-5 questionnaires. Those who selected themselves to enter this study may not be representative of all veterans who have PTSD. Those who did not complete follow-up questionnaires may or may not have had the same results as those who complied. Other possible confounders, such as suggestion, expectation, and attention have generally had little or no impact on PTSD symptoms. Numerous randomized clinical trials that compared PTSD treatments with placebos found that placebos (i.e., inert substances and suggestion, expectation, and attention) have had almost no clinically or statistically significant effect on posttraumatic stress symptoms. [26] [27] [28] [29] Anecdotal experience of one of the authors suggests that, on the whole, the population of combat veterans with a diagnosis of PTSD is not particularly motivated to report outcomes to make researchers and clinicians happy. Also, subjects' scores were submitted in written form and were anonymous aside from an identifying code number known only to a remote author who never met the subjects. However, as this study was funded by a foundation sympathetic to TM, and both authors are affiliated to some degree with TM-related organizations, the possibility of implicit bias subtly influencing results is a consideration. The absence of an active control or other comparator leaves unknown the possible magnitude of nonspecific effects of treatment in this study.
The design and sampling method of the study affect the generalizability of the results to wider populations. Recent reports on PTSD have suggested that additional research is needed to identify more effective methods for treating this disorder. 1, 4, 30 When considering that 60-72% of patients retain their PTSD diagnosis after the standard treatments for this disorder, 5 randomized research with control groups seems warranted to replicate and further elucidate the findings of this study.
